Europaisches 
Patentamt 



European 
Patent Office 



Beschei n ig u ng Certificate 



f^^lVNL 2004 /O 003 0 9 

^ t. oa 04 



Office europ6en 
des brevets 




Attestation LwiPo 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem n3ch- 
sten Blatt bezeichneten 
europdischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fix^s h 
cette attestation sont 
conformes d la version 
initialement d^pos^e de 
la demande de brevet 
europ^en sp^ciflSe d la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n*" 

03101205.7 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR(b) 



Der President des EuropSischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de rofnce europten des brevets 

P.O. 




RCvan DIJIc 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 




Europilsches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 

Application no.: 03101205.7 
Oemande no: 



Anmeldetag: 

Date of filing: 01.05.03 
Date de d€pdt: 



Anmel der/AppI f cant( s)/DeinandeurC s) : 

DSM N.V. 

Het Over loon 1 

6411 TE Heerlen 

PAYS-BAS 



Bezelchnung der Erf IndungAltle of the 1 nventi on/Tl tre de 1 "Invention: 
(Falls die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrelbung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est Indlqu^ se referer ft la description.) 

Process for the production of biological substances by perfusion culturlng of 
suspended animal cells 



In Anspruch genommene Prforiat(en) / Priori tyCles) claimed /Priori t6(s) 
revendlqu^eC s) 

Staat/Tag/Aktenzelchen/State/Date/Flle no./Pays/Date/Num4ro de d^pdt: 



Internationale Patentklasslf Ikatlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 



C12P/ 



Am Anmeldetag benannte Vertragstaaten/Contr acting states designated at date of 
flHng/Etats contractants d^slgn^es lors du d€pdt: 



AT BE BG CH CY CZ DE DK EE ES FX FR 6B GR HU IE IT LI LU MG 
NL PT RO SE TR SK SI 



The application was transferred from the above mentioned original application to: 
DSM IP Assets B.V. - Heerlen, The Netherlands 

The registration of the change has taken effect on 10 July 2003 (10.07.2003) 



03101205.7 
EPA/EPO/OEB Form 1014.2 - 01.2000 



7001014 



2 



PE 21039 -1 - 

PROCESS FOR THE PRO DUCTION OF BIOLOGICAL SUBSTANCES BY 
PERFUSION CULTURING OF SUSPFNDED ANIMAL CELLS 

5 

The Invention relates to a process for the production of biological 
sul)stances by perfusion culturing of suspended animal cells in a serum free cell culture 
medium, wherein the biological substance is separated from the cells by filtration. 

Such processes are known in the art. for instance a review on 

1 0 perfusion culturing was written by TokashikI ef al. 1 993. Cytotechnology, vol. 1 3: 1 49- 
159. In perfusion culturing, wherein the biological substance is separated from the cells 
by filtration, it is preferred that the filtration is such that 1 ) the ceils are retained by the 
fitter, while 2) liquid comprising the biological substance passes through the filter. A 
measure for how well a filter performs these two tasks is the product of the mean total 

15 cell concentration in the cell culture and the total volume that passes the filter (filter 
perfomiance). The filter perfomfianoe is proportional to the yiekJ of the biological 
substance. 

A disadvantage of perfusion culturing, wherein the biological 

substance is separated from the cells by filtration, however, is that filter clogging occurs 
20 during the process. RIter clogging limits the total amount of volume that can pass the 

filter, thereby limiting filter perfonnance and thereby also limiting the yield of the 

biological substance. 

It is the object of tiie invention to provide a process for the production 

of biological substances by perfusion culturing of suspended animal cells in a serum 
25 free cell culture medium, wherein the biological substance is separated from the cells 

by filtration, wherein filter clogging is diminished (i.e. the filter performance is 

increased). 

This object is achieved by the invention by the presence of an 
amount of non-ionic surfactant of at least 0.001 w/w% in the cell culture medium. 

30 The use of non-ionic surfactant in a serum-free cell culture medium 

for mammalian cells is known from US 5,372,943, however, in US 5,372,943, the use is 
directed to the provision of essential lipids in a bioavailable fonm in the ceil culture 
medium. The applicant has surprisingly found that the use of non-ionic surfactants in a 
semm-free culture medium for mammalian cells also diminishes filter clogging. 

35 In principle, the upper limit of the amount of non-ionic surfactant to be 

used in the serum-free culture medium is not very critical. It may, however, for example 
be limited by the toxicity level and/or the solubility of the non-ionic surfactant. The 



upper limit further may depend on the process conditions and can easily be determined 
by the person skilled in the art. Usually, the upper limit of the amount of non-ionic 
surfactant present in the cell culture medium is 1 w/w %. 

In the process of the invention, the non-ionic surfactant is preferably 
a fatty acid ester, for instance a fatty acid ester of glycerol or of diglycerol or a 
polyoxyalkylene sortitan fatty acid ester represented by formula 1 . 




a 



'(AO)qr 



"CH20(AO)pR3 

(1) 



wherein R , r3 and R^ each independently represent H or a fatty acid restgroup i e 
the remains of a condensation of a fatty acid and an alcohol, provided that at least one 
ofR through R is a fatty acid restgroup. wherein A represents an ethylene or 
propylene group and n. o, p and q each Independently represent values from 0 to 100 
wherein preferably the sum of n, o. p, and q is from 50 to 300. 

Preferably the fatty acid restgroup contains 10-20 C-atoms 
Examples of fatty acids include decanoic acid, lauric add. palmitic acid, stearic acid 
arachidic acid, tall oil acids etc. 

Examples of commercially available compounds of formula 1 include 
Tween -compounds, e.g. Tween™-80, Tween™-21 . Tween™-40, Tween™.60 
Tween^-20. Tween™.61. Tween™-65. Tween™-81. Tween™.85. Of course. It'ls also 
possible to use a combination of different non-ionic surfactants in the process of the 
invention 



The fatty acid esters are especially advantageous in the process of 
the invention, since the presence of small amounts of these estere does not present an 
obstacle for use of the biological substance in a medical application. 

Preferably, the amount of the noniononic surfactant in the cell culture 
medium is at least 0.005. more preferably at least 0.01 . most preferably at least 0 02 
w/w%. 

The animal cells that can be used in the process of the present 
invention are for example mammalian cells, for example CHO (Chinese Hamster 
Ovary) cells, hybridomas, BHK (Baby Hamster Kidney) cells, myeloma cells and 
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human cells, for example HEK-293 cells and human lymphoblastold cells. 

The filtration can in principle be perfonned with all filters suitable for 
the retention of cells. Examples of such filters are static filters, for example hollow fiber 
filter or tangential flow filters or rotating filters, for example spinf liters. Preferably, if the 
5 biological substance is a biopharmaceutical product, an Intemal filter is used as the use 
of an external filter requires additional validation for the approval of the production 
process of the biophannaceutical product according to GMP (good manufacturing 
practice) standards. An example of a suitable internal filter Is an internal spinfilter. 

The most suitable mesh size of a filter depends on the cell diameter 

10 of the cells to be retained and can easily be determined by a person skilled in the art. 
The mesh size is preferably chosen such that the size of the pores in the mesh is close 
to the diameter of the suspended cells, ensuring a high retention of cells while cell 
debris can pass the filter. Preferably, the meshsize Is between 500x3000-50x300. 

The Invention can in principle be used in any type of cell culture 

1 5 medium suitable for the culturing of animal cells. Guidelines for choosing a cell culture 
medium and cell culture conditions are well known and are for instance provided In 
Chapter 8 and 9 of Freshney, R. I, Culture of animal cells (a manual of basic 
techniques), 4th edition 2000, Wiley-Uss and in Doyle, A., Griffiths, J. B., Newell, D. G. 
Cell &Tissue culture: Laboratory Procedures 1993, John Wiley & Sons. 

20 Serum free media are prefen^d to media containing a serum source 

In tiie production of biopharmaceutical products as serum source media are frequently 
contaminated with viruses, present the risk of prionic infections, and can create a major 
obstacle In the downstream processing of the biopharmaceutical product (i.e. the 
furtiier purification of the biopharmaceutical product from the cell culture medium). 

25 Since compounds from a mammalian source also present an infection risk, preferably, 
the cell culture medium is not only serum-free, but also mammalian source free. More 
preferably tiie cell culture medium is not only mammalian source-free, but also animal 
source free. 

The pH, temperature, dissolved oxygen concentration and osmolarity 
30 of tiie cell culture medium are in principle not critical and depend on the type of cell 
chosen. Preferably, the pH, temperature, dissolved oxygen concentration and 
osmolarity are chosen such that it is optimal for the growth and productivity of the cells. 
The person skilled In tiie art knows how to find the optimal pH, temperature, dissolved 
oxygen concentration and osmolarity for the perfusion culturing. Usually, the optimal 
35 pH Is between 6.6 and 7.6, tiie optimal temperature between 30 and 39 "C, the optimal 
osmolarity between 260 and 400mOsm and tiie dissolved oxygen concentration in the 
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cell culture medium between 5 and 95% of air saturation. 

The biological substances that can suitably be produced in the 
perfusion culturing by the animal cell are in principle all biological substances 
that can be produced by a animal cell, for example therapeutic and diagnostic 
5 proteins, for example monoclonal antibodies, growth factors and enzymes, 
DMAs, which for example might be used in gene therapy, vaccines, hormones 
etc. Preferably, the process according to the invention is used for the production 
of a biophamiaceutical product, which is a biological substance with a medical 
application. Examples of biopharmaceutical products are as follows (with 
10 examples of brand names of the corresponding biopharmaceutical product 
between brackets): Tenecteplase (TN Kase™). (recombinant) antihemophilic 
factor (ReFacto™), lymphoblastoid Interferon a-n1 (Wellferon™). (recombinant) 
Coagulation factor (NovoSeven™). Etanercept. (EnbreF^, Trastuzumab 
(Herceptin™), Infliximab (Remicade™). Basiliximab (Simulect™). Daclizumab 
15 (Zenapaz^"^, (recombinant) Coagulation factor IX (Benefix™). erythropoietin 
alpha (Epogen®). G-CSF (NeupogenOFilgrastim). Interferon alpha-2b 
(Infergen®), recombinant Insulin (Humulin®). Interferon beta 1a (Avonex®) 
Factor VIII (KoGENate®). Glucocerebrosidase (Cerezyme™). Interferon bete lb 
(Betaseron®). TNF alpha receptor (Enbrel®). Follicle stimulating hormone 
(Gonal-F®). Mab abclxmab (Synagis®. ReoPro®). Mab ritlximab (Rituxan®) 
tissue plasminogen activator (Activase ®. Actilyase®). human growth hormone 
(Protropin®. Norditropin®. GenoTropin™). Examples of DNAs with a possible 
medical application are gene therapeutic plasmid DNAs. Some gene therapeutic 
DNAs are presently tested in clinical trials for their medical application. Examples 
of vaccines are live, oral, tetravalent Rotavirus vaccine (RotaShield™), rabies 
vaccine (RanAvert™), Hepatitis B vaccin (RECOMBIVAX HB®. Engeri^) and 
inactivated hepatitis A vaccine (VAQTA™). 

The biological substance, which was passed through the filter can be 
further purified in so-called downstream processing. Downstream processing usually 
comprises several purification steps In varying combinations and order. Examples of 
punficatlon steps In the downstream processing are separation steps (e.g. by affinity 
chromatography and/or ion exchange chromatography), steps for the concentration of 
the biological substance (e.g. by ultrafiltration or diafiltration). steps to exchange buffers 
and/or steps to remove or inactivate viruses (e.g. by virusflltratlon. pH shift or solvent 
35 detergent treatment). 
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The invention will be elucidated by way of the following example, 
without, however, being limited thereto. 

Example i 

5 PFU-83 hybridoma cells are rat/mouse hetero hybridoma cells 

producing a rat IgG directed against corticotropin releasing factor (J. W. A. M. van Oers 
etal. 1989, Endocrinology, 124, pp1 239-1 246). PFU-83 hybridoma cells were grown on 
minimal mammalian source free medium at 37 °C. The minimal mammalian source free 
medium used was 3:1 DMEM/Ham's F12 medium, containing ascorbic acid (5 mg/l), 

10 recombinant human insulin (5 mg/l), glutathion (1 mg/l), Pluronic™ F68 (500 mg/l), 
selenium in the fomri of NazSeOa (15|ig/l), sodium bicarbonate (3 g/l), ethanolamine 
(7nl/l), supplemented with glutamin (final concentration 584.5 mg/l), Na-pyruvate (final 
concentration 1 1 0 mg/l) and transferrin (5 mg/l) with an osmolality of 320 mOsm. The 
pH was set at 7.0 and the dissolved oxygen concentration was set at 30% air 

1 5 saturation. The culture was performed in a 7 1 Applikon fermentor running at 4 1 working 
volume using a spin filter with a mesh size of 325 x 2300 in the presence of different 
concentrations of Tween<B^80 (0, 1 5 mg/l and 50 mg/l; corresponding to approximately 
0; 0.015; and 0.050 w/w%). A viable cell concentration of approximately 5*10® was 
reached after 4 to 5 days. 

20 Ail different mns had a cell retention of 1 00%. The time until complete 

clogging of the filter (the point when the spinf ilter flooded) was observed and the spin 
filter performance was calculated. Spin filter performance is defined as the product of 
the total volume that passed the spinfitter and the mean total cell concentration in the 
fermentor. Cell concentrErtions in the fermentor were detennined by counting the total 

25 amount of viable and dead cells in cell culture samples taken during the run of the 
fermentor under a light microscope using a Fuchs-Rosenthal haemacytometer and 
trypan-blue exclusion for staining of dead cells. The results of this experiment are 
shown In Table 1 below. From Table 1 it can be seen that the time until clogging, as 
well as the spin filter perfomiance, Is Increased with the addition of Tween®-80. 



-6- 



Table 1 



n"ween®-80] 
( mg/l) 


Time until 
complete 
Clogging 
(days) 


Total volume 
that passed 
the spinfilter 
(1) 


Mean total cell 
concentration 
(x 10^1) 


Spin filter 
performance 
(total cell load) 


0 


7 


14 


3.77 


53 


15 


9 


25 


4.97 


127 


50 


29 


99 


4.68 


463 
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Process for the production of a biological substance by perfusion culturing of 
suspended animal cells in a serum free cell culture medium, wherein the 
biological substance is separated from the cells by filtration, characterized In 
that at least 0.001 w/w% of polyoxyalkylene sorbitan fatty acid ester 
represented by formula 1, 



wherein R\ R^ and R'* each independently represent H or a fatty acid 
restgroup, I.e. the remains of a condensation of a fatty acid and an alcohol, 
provided that at least one of through R* is a fatty acid restgroup, wherein A 
represents an ethylene or propylene group and n, o, p and q each 
independently represent values from 0 to 100, is present In the ceil culture 
medium. 

Process according to claim 1 , characterized In that in fonmula 1 , the sum of n, 
o, p, and q is from 50 to 300. 

Process according to claim 1 or claim 2, characterized in that at least 0.01 
w/w% of the compound of formula 1 is present in the cell culture medium. 
Process according to any of claims 1-3, characterized In that the animal cells 
are mammalian cells. 

Process according to any of claims 1-4, characterized in that the compound of 
formula 1 is a Tween™ compound. 

Process according to any of claims 1-5, characterized In that the filtration is 
performed with an internal filter. 

Process according to claim 6, characterized In that the Internal filter is a 
spinfilter. 

Process according to any of claims 1-7, characterized in that the biological 
substance is a blopharmaceutical product. 
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Process according to claim 8. characterized in that the serum free cell culture 
medium is also a mammalian source free medium. 
Process according to any of claims 1-9, characterized in that the biological 
substance is further purified by downstream processing. 
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ABSTRACT 

The invention relates to a process for tlie production of a biological 
substance by perfusion culturing of suspended animal cells in a serum free cell 
5 culture medium, wherein the biological substance is separated from the cells by 

filtration, characterized in that at least 0.001 w/w% nonionic surfactant is present in 
the cell culture medium. It has been found that the presence of nonionic surfactant 
in the cell culture medium improves the filter performance. 
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